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BIDIRECI‘IONAL, INTERACTIVE FIRE 
DETECTION SYSTEM 

This application is a division of the parent application 
with the same title, inventors and assignee, Ser. No. 
345,909, ?led Feb. 4, 1982 now US. Pat. No. 4,470,047. 

RELATED APPLICATIONS 

This application discloses and claims improvements 
on an earlier system of applicants’ described in an appli 
cation with the same title and assignee, ?led Mar. 13, 
1981, having Ser. No. 243,401, which issued July 19, 
1983 as US. Pat. No. 4,394,655. 

BACKGROUND OF THE INVENTION 

Various detectors and systems have been developed 
to detect and indicate the presence of particles of com 
bustion, or of a ?re, or of an increase in temperature. 
Such systems generally use two or more conductors 
between a control panel or control unit, which is cou 
pled to the individual detectors. In general, the individ 
ual detectors determine when an undesired condition is 
present, by comparing some parameter (such as current 
flow or voltage level) with a predetermined reference 
value. When the detector determines the reference 
value has been exceeded, the undesired condition is 
present and the detector latches in the alarm condition. 
Generally the control unit does not know the precise 
location of the alarmed detector, and after three or 
more detectors have gone into alarm on one zone, can 
not recognize how many detectors are in the alarmed 
condition on that zone. 

Prior art detectors generally are not capable of hav 
ing their sensitivity checked from the control panel 
over a two-wire loop, or having their sensitivity ad 
justed from the control panel Without taking the system 
out of operation. 
A serious shortcoming of prior art systems is that 

loop continuity is supervised, but detector presence 
and/or operation is not supervised. If any detector is 
removed and replaced by a cardboard form or some 
other mechanical unit to simulate detector presence, 
continuity along the conductor pair is maintained and 
the control unit does not “know” that the detector is in 
fact missing from the area. 

Several of these shortcomings were overcome in the 
system described and claimed in the earlier application 
noted above. That system includes a bidirectional, inter 
active ?re detection system in which only a single con 
ductor pair is required. The control panel (or control 
ler) selectively addresses the individual transponders, 
and each transponder responds when addressed. The 
controller also issues command signals to the addressed 
transponder, which command signals represent desired 
functions or actions to be taken by the selectively ad 
dressed transponder, which then accomplishes the func 
tions or actions. Such command signals can control the 
operation of various devices coupled to the transpon 
der, such as relays, visual and/or audible indicators, or 
any other device. 

In the system described in the earlier application the 
transponder returns a signal which identi?es the type of 
transducer associated with that transponder. For exam 
ple, the transducer could be an ionization detector, a 
photoelectric detector, alarm-causing switches (such as 
a manual pull station or a thermal switch), non-alarm 
causing switches (such as an abort control for Halon, or 
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2 
day-night switches) or a complete zone of detectors. 
This return signal is termed the “identi?cation re 
sponse”. . 

The transducer also returns a “transducer response”, 
a signal from which the controller determines the trans 
ducer sensitivity. Successive transducer response sig 
nals can be recorded to provide a continuing record of 
transducer sensitivity, as described in the earlier appli 
cation. In the system of this invention, it is desirable to 
compensate for changes in the transducer response sig 
nal. 
Even with the signi?cant improvements just de 

scribed in connection with the earlier system, there are 
areas in which such a bidirectional, interactive system 
can be further improved. It is highly desirable that the 
transponder return a reference signal from which the 
controller can determine that the transponder is func' 
tioning properly. This signal will be referred to as the 
“calibration response”. In addition, it is desirable that 
the system be equipped to compensate for changes in 
the calibration response signal, and further that at least 
certain transducers be capable of selective and remote 
calibration. 
Also very important is that the transponder return 

signal, the “transducer response” from which the con 
troller determines the transducer sensitivity, be used in 
a manner to provide adjustable sensitivity of the trans 
ducer. 
Another important consideration is that the improved 

system be useful to control a multi-zone system. 
In addition, where a plurality of zones are coupled to 

the same two common terminals, it is desirable to iden 
tify the separate zones one from another. The “identi? 
cation response” signal can be used to provide this iden 
ti?cation of the individual zones. 
Another signi?cant consideration is that the control 

ler of the system should be able to “read through a 
short”, that is, discern usable and signi?cant informa 
tion when a transponder is replying over the conductor 
pair, even though one or more additional transponders 
may inadvertently have its output fail in an open or 
shorted state when the addressed transponder is reply 
mg. 
Yet another important consideration is that the sys 

tem be able to poll the transponders at a time when the 
controlled premises are substantially unoccupied and 
quiescent (for example, 2:00 am. Sunday), to obtain 
and/ or store various reference data. 
Another desirable advantage of the improved system 

is that it be able to identify the precise location of a 
break in one wire of the conductor pair. 
Another important consideration of the improved 

system is that it be able to measure the analog represen 
tation of the signal returned from the transponder with 
a greater accuracy than would be possible with a sim 
ple, coarse measuring arrangement, without imposing 
the requirement of greater accuracy on the system over 
the entire information-return time interval. 
Yet another important consideration is that the new 

system be capable of providing a compensation signal to 
the controller as a function of various conditions, such 
as component aging, wind velocity, temperature, hu 
midity, supply voltage at the associated transducer, and 
so forth. 

A bidirectional, interactive system for detecting and 
indicating a predetermined condition, such as the pres 
ence of ?re or products of combustion, when con 
structed according to the teaching of the earlier applica 
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tion, need employ only two conductors. A controller 
and a plurality of transponders are each coupled to the 
same conductor pair, without any need for an end-of 
line resistor or other termination unit, or without any 
other means for supplying power to the transponders 
and/or transducers. The controller sends out a series of 
signal groups or sets, with each signal group addressing 
a particular transponder. One or more of the signals in 
a given group can be modi?ed by the controller to pass 
information to the addressed transponder. Each tran 
sponder has a unique address and, when it recognizes its 
own address, can return information to the controller 
by modifying some characteristic of one signal directed 
back to the controller. It is important that each tran 
sponder does not depend on the proper operation of the 
other transponders for receiving or sending informa 
tion. Each transponder can return information concern 
ing the identi?cation and condition of associated trans 
ducers. 

SUMMARY OF THE INVENTION 

Particularly in accordance with the present inven 
tion, the controller includes means for operating upon a 
transponder-response signal to derive an “answer” sig 
nal. The answer signal is a function of both the time 
duration and the amplitude of the transponder-response 
signal. The answer signal is then examined to determine 
whether a particular transducer has returned a signal 
implying alarm, trouble, or some other condition. The 
sensitivity level—or alarm threshold-can be simply 
adjusted in the controller. In addition the answer signal 
provides the desired calibration response from the tran 
sponder, in answer to the appropriate command from 
the controller. The system compensates for changes in 
the calibration response as well as in the transducer 
response, and allows the individual transducers to be 
selectively and remotely calibrated, in real time, with 
out affecting system operation during the calibration 
interval. 
The answer signal is provided from each zone in a 

multi-zone system, and thereafter processed to provide 
the desired information (such as alarm, trouble, “read 
through a short” (where a “short” means a shorted 
output driver), or whatever is desired). The “reading 
through-a-short” capability is included in the ampli 
tude-responsive portion of the circuitry which produces 
the answer signal. 

In accordance with an important aspect of the inven 
tion, the “answer” signal is derived by using both ver 
nier and coarse measuring circuits during the response 
period, with the vernier or ?ne counting only used for 
a portion of this response interval to enhance the accu 
racy of the answer signal. 

In addition, the system provides a compensation sig 
nal which can modify the processed information as a 
function of different variables, such as changes in wind 
velocity, temperature, humidity, supply voltage to a 
transducer coupled to a transponder, and so forth. 

THE DRAWINGS 

In the several ?gures of the drawings, like reference 
numerals identify like components, and in those draw 
ings: 
FIG. 1 is a block diagram of a prior art ?re detection 

system; 
FIG. 2 is a block diagram of a ?re detection and 

signalling system constructed in accordance with the 
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4 
principles of the inventive system disclosed and claimed 
in the above-identi?ed, earlier-?led application; 
FIG. 3 is a simpli?ed schematic illustration of the 

controller and one transponder of the system of this 
invention; 
FIGS. 4 and 5 are graphical illustrations useful in 

understanding operation of the earlier system, and of 
the present invention; 
FIGS. 6A, 6B and 6C are graphical illustrations, 

taken on a scale enlarged relative to that of FIGS. 4 and 
5, useful in understanding operation of the present in 
vention; 
FIG. 7 is a functional block diagram of a transponder 

in accordance with the earlier system and useful with 
this invention; 
FIG. 8 is a schematic diagram of a transponder used 

in the earlier system, and with the present invention; 
FIG. 9 is a functional block diagram of an integrated 

circuit useful in the transponder shown in FIG. 8; 
FIGS. 10, 11 and 12 are graphical illustrations useful 

in understanding how the present invention derives 
information contained in a parameter of a signal; 
FIGS. 13, 14 and 15 are block diagrams of one system 

for implementing the present invention; 
FIG. 16 is a schematic diagram of a Class A arrange 

ment, useful in understanding certain advantages of this 
invention; 
FIG. 17 is a block diagram useful in understanding 

the signal processing in the present invention; and 
FIGS. 18, 19A-19F, and 20A-20F are graphical illus 

trations useful in understanding the invention. 

GENERAL BACKGROUND DESCRIPTION OF 
THE EARLIER SYSTEM 

To provide a comprehensive teaching document. 
some of the background and explanatory material from 
the earlier application is repeated here. FIG. 1 depicts a 
known arrangement of a plurality of detectors 20 cou 
pled between a pair of conductors 21, 22. A control 
panel 23 is coupled to the conductor pair for supervis 
ing the loop, and an end-of-line device 24 is connected 
across the conductor pair to provide a termination. This 
affords continuity of current flow along the lines. In 
such arrangement the actual detection is accomplished 
by one of the detectors sensing the ?re or presence of 
particulate matter, going into alarm and providing a 
change in voltage or current on the conductor pair 
which is detected at the control panel. With such an 
arrangement it is not possible to determine the exact 
location of the alarm condition, but only the loop (com 
pleted by conductors 21, 22) on which the alarm condi 
tion has occurred. 
FIG. 2 depicts an arrangement according to the ear 

lier system, showing a plurality of transponders 25 
rather than simple detectors. connected to operate in 
conjunction with a controller 26, coupled to the same 
conductor pair 27, 28 to which the transponders are 
connected. The term “transponder” as used herein and 
in the appended claims signi?es a unit which can con 
trol and/or monitor some condition and/or associated 
component which may or may not be adjacent its physi 
cal location, is selectively addressed by the controller 
and recognizes not only its address but additionally 
other information which may be transmitted from the 
controller, such as command signals for controlling the 
operation of the transponder itself and/or various asso 
ciated devices. In addition the transponder itself trans 
mits information, such as the transducer response and 
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identi?cation response, back to the controller. Thus, the 
transponders 25 truly interact with the controller to 
provide a bidirectional, interactive system. Each tran 
sponder is not a passive device which merely transmits 
some signal when activated by a master transmitter. It is 
also emphasized that there are no terminations at the 
end of the conductor pair 27, 28, or on either of the 
other pairs 31, 32 and 33, 34 which branch off from the 
main pair 27, 28 in zone 2. It will become apparent that 
such branching is possible without regard either to 
physical location or to the order in which each tran 
sponder is addressed. Such an arrangement, with no 
requirement for termination at the end of any conductor 
pair, provides a system which is simple and economical 
to install and operate. 
FIG. 3 depicts in simpli?ed form the manner in which 

interactive signalling is accomplished between control 
ler 26 and one of the transponders 25. As there shown, 
controller 26 operates with a reference voltage V ap 
plied between conductors 35, 36. Conductor 35 is cou 
pled through a resistor R1 to conductor 37, which is 
connected over a connecting screw 38 to conductor 27. 
Conductor 36 in the controller is connected over a 
screw 40 to line conductor 28. In the controller a switch 
S1 is coupled in parallel with a resistor R1. Another 
resistor R2, is connected between conductors 37 and 36. 
A sensing conductor 41 has one end connected between 
resistor R2 and conductor 37, to provide an indication 
of the voltage across resistor R2. 

In the transponder, a resistor R3 has one end coupled 
to conductor 27, and its other end coupled through 
another switch S2 to conductor 28. In this preferred 
embodiment all of resistors R1, R2 and R3 are the same 
resistance value. However, those skilled in the art will 
appreciate other values and/or ratios can be selected 
without departing from the principles of this invention. 
A command circuit 42 regulates the opening and clos 
ing of switch S1, and other components in transponder 
25 (not shown) regulate the open and closed times of S2. 
The remaining components depicted in FIG. 3 will be 
described hereinafter. 
The interactive communication, as explained in the 

earlier application, is accomplished with the modi?ca 
tion of at least one characteristic, such as voltage ampli 
tude or the time duration of a signal, or the modulation 
of more than one such characteristic, such as both time 
and amplitude. The amplitude of the voltage used in 
signalling is simply controlled by switches S1 and S2. 
Switch S1 is closed to “send” each signal or pulse in 
each signal group of pulses from the controller over the 
conductor pair 27, 28. With switch S1 closed, a voltage 
of amplitude V is passed over conductors 27, 28 to all 
the transponders. The duration of switch closure can 
also be recognized at the transponder, as can the num 
ber of times switch S1 is opened and closed in each 
group of signals or pulses. 

In the case where R1, R2 and R3 are of equal resis 
tance, and with switch S1 open and switch S2 open, the 
voltage on sense conductor 41 is V/2, determined by 
the resistance bridge including resistances R1 and R2. 
Thus when transponder 25 is answering back to the 
controller, a voltage V/2 received on sense conductor 
41 signi?es switch S2 is open. When S2 is closed, while 
S1 remains open, this places R3 in parallel with R2, and 
this parallel combination is in series with R1 to deter 
mine the voltage at conductor 41. Thus with switch S2 
closed, sense conductor 41 “sees” a voltage level of V/3 
returned to the controller. Additionally the number of 
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6 
switch openings and closings are also readily deter 
mined in the controller. 

Closure time of S2, while S1 remains open, can be 
made a function of a signal developed by an associated 
transducer (not shown), or can be made a function of 
any desired information-bearing signal. By measuring 
the time duration of the S2 closure time, the information 
represented by the original signal can be determined. 
Closure time of S1 can be regulated to control issuance 
of command signals from the controller to the transpon 
ders. 

Controller 26 derives information from the transpon 
der replying by measuring the time duration of S2 clo 
sure, or time duration of voltage V/3 appearing across 
R2. An important aspect of the invention is that signi? 
cant information can still be derived by the controller, 
when one or more additional transponders are replying 
concomitantly with the addressed transponder. To this 
end it is important that controller 26 be able to discern 
when-and how much-the voltage on sense conduc 
tor 41 falls below V/3. Accordingly, controller 26 in 
cludes a signal examining circuit 43 to make this deter 
mination. In examining circuit 43 is a voltage divider 
circuit 44, including four resistors 45, 46, 47 and 48 
connected in series between a source of unidirectional 
voltage and ground. An array 50 of comparators 51, 52, 
and 53 is provided and connected‘ as shown, with one 
input of each comparator coupled to sense conductor 41 
and the other input coupled to a connection in voltage 
divider circuit 44. Comparator 51 is connected to pro 
vide an output signal on conductor 54 when the signal 
on sense conductor 41 is V/3 or less (plus or minus a 
suitable tolerance). This signi?es at least one transpon 
der is replying by closing its switch $2. In accordance 
with an important aspect of the invention, comparator 
52 is connected to provide an output signal on conduc 
tor 55 when the signal on sense conductor 41 is V/4 or 
less (again, plus or minus an appropriate tolerance 
value). Such an output signal indicates two or more 
transponders are replying, each closing its switch S2 
and placing its respective resistor R3 in parallel with 
R2. By making a logical comparison of the output sig 
nals on lines 54 and 55 at any given instant, the presence 
of a signal on line 54 with no signal on line 55 indicates 
that one, and only one, transponder is then replying 
over the lines 27, 28. Also important is the connection of 
comparator 53 to provide an output signal over line 56 
to command circuit 42 whenever the amplitude of the 
signal on sense conductor 41 is at a level of V/S, or less. 
This denotes three or more transponders are replying, 
or there is a short across line conductors 27, 28. Under 
such conditions the output signal on line 56 is used to 
shut down command circuit 42 and indicate the trouble 
condition. By making a logical comparison between the 
presence of a signal on line 55, from comparator 52, and 
a determination that the command circuit 42 has not 
been shut down, it is possible to determine that two 
transponders are responding (signal on line 55) and also 
that a third transponder is not responding at this time, 
because such a condition (third transponder replying) 
would have been indicated by a signal returned over 
line 56 to shut down command circuit 42. 
Those skilled in the art will appreciate that the num 

ber of comparators ‘n’ in examining circuit 43 of FIG. 3 
(where in the illustrated embodiment n=3), n-l num 
ber of transponders replying may be speci?cally identi 
?ed, while 11 or more transponders replying, or a short 
across conductors 27 and 28, is considered an unaccept 
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able operating condition, which is identi?ed by a signal 
on line 56 out of comparator 53. 
To better understand the system operation, a descrip 

tion of the signal groups transmitted from the controller 
and returned by the transponder will be helpful. FIG. 4 
indicates a series of signal groups for sequential passage 
over line conductors 27, 28 to the different transponders 
connected across these conductors. Each signal group 
such as the group shown under the legend “transponder 
1”, includes the same number of pulses. In a preferred 
embodiment four pulses were used in each group for 
one transponder address, but those skilled in the art will 
appreciate that a different number of pulses can be uti 
lized. The extended pulse at the high amplitude level 
shown under “address 31” and the ?rst portion of “ad~ 
dress 0” indicates a reset action, and is also used to 
charge up a component in the transponder to provide 
energization of that transponder throughout the polling 
cycle. As will become apparent, each transponder in 
cludes a counter circuit to accumulate the number of 
pulse groups sent over the line conductors, and thus 
recognize when its address is indicated by the control 
ler. All the high level pulses (after address 0) shown in 
FIG. 4 are of short duration, signifying that no com 
mand signal was sent by the controller but only differ 
ent addresses, as indicated by the number of pulse 
groups. 
FIG. 5 illustrates the manner in which one pulse 

group is modi?ed to pass a command signal to a particu 
lar transponder. As there shown, when the seventeenth 
transponder is being signaled, the second pulse in the 
group has its high level portion extended for a consider 
able time, which may be 40 milliseconds. The precise 
time is not critical, because each transponder can in 
clude a simple timer to determine when the pulse ampli 
tude has remained high for a minimum time, repre 
sented in FIG. 5 by the distance between to and t;. This 
time was about 20 milliseconds in the preferred embodi 
ment, representing a “wait” period. Because the tran 
sponder recognizes that this is the second incoming 
pulse, it knows the action to be taken if the pulse high is 
stretch beyond the “wait” time t1. Suppose the elonga 
tion of the second pulse denotes a command to turn on 
a light-emitting diode (LED), or other suitable visual 
indicator. As soon as the pulse high extends beyond t1, 
the LED is turned on and it remains on until time t2. 
The transponder can receive different command signals 
as different high level pulses in the group are 
“stretched” to various lengths. Those skilled in the art 
will appreciate that the controller may vary the dura 
tion of the S1 closure, and thus the duration of the high 
level pulses (such as the pulse between to and t2), 
thereby encoding information in addition to that shown 
in the illustrated embodiment, and thus the ?exibility of 
the system is substantial. It is important to note that 
after the wait period, the appropriate component 
(LED), relay or other unit) is energized while the pulse 
is still high. This means the energy for the component is 
supplied rrom the controller over lines 27, 28, rather 
than being supplied by the transponder. This will be 
explained more fully hereinafter. In a similar manner 
the transponder returns information by closing its 
switch S2 and thus providing a data return signal at 
amplitude V/3, analogous to an extended closure of 
switch S2 in FIG. 3. This will be explained in more 
detail in connection with FIGS. 6A, 6B, and 6C. 
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DETAILED DESCRIPTION OF THE 

INVENTION 

FIGS. 6A, 6B and 6C are helpful to understand the 
transmission of data from any of the transponders 25 to 
the controller 26. This is accomplished with the switch 
S1 of the controller in the open position, and switch S2 
in the transponder is selectively closed to transmit the 
data. With each closure of switch $2, the voltage on 
sense line 41 of the controller goes to V/3. The length 
of time that the voltage on conductor 41 remains at V/3 
is a function of the controller (time duration of 51 
open), and also the transponder (time duration of S2 
closure). The S2 closure time in turn depends upon 
some characteristic (such as voltage amplitude) of a 
detector or any other transducer associated with the 
transponder, or of information generated within the 
transponder circuit. Such associated detector (or trans 
ducer), or internal information generation, will be ex 
plained hereinafter. 
FIG. 6A depicts one of the pulse groups, such as 

those in FIG. 4 under the legends “transponder 1” and 
“transponder 2”, taken on a scale enlarged relative to 
that of FIG. 4. In FIG. 6A the four pulses have "lows”, 
or the low-amplitude portion of each pulse, designated 
141, 142, 143 and 144. The fourth low 144 occurs in the 
time duration referenced 145, and, in this embodiment. 
this duration is itself subdivided into three “windows" 
or time intervals 146, 147 and 148. It is manifest that any 
desired number of windows or time intervals can be 
provided, depending on the degree of accuracy re 
quired. There is a transition 150 in the fourth low. 
which as shown occurs in the center of window 147. 
This transition is within the “normal” Window 147. and 
indicates “normal” operation of the component under 
discussion (whether an associated transducer or a com 
ponent internal to the transponder) providing the infor 
mation for return in the interval 145. By way of exam 
ple, this could signal the normal condition of an associ 
ated detector, or the open condition of an associated 
switch. If the transition occurred in the initial part of 
the interval 145, within time window 146, this is a low 
voltage indication and could be used to indicate a trou 
ble condition of an associated detector, or that a switch 
is not connected. If the transition occur within window 
148, toward the end of time duration 145, this could be 
a signal, by way of example, that the associated detector 
is in an alarm condition, or an associated switch is in the 
closed position. It is emphasized that the time duration 
of the initial portion of the pulse low, before the transi 
tion, is made to represent the voltage amplitude at the 
transponder. Of course, this time duration could be 
made a function of other parameters, such as frequency 
or current level. In addition, transducers other than 
smoke detectors or switches can provide condition 
indicating responses within time frame 145. For exam 
ple, if a temperature-indicating transducer were con 
nected to the transponder, a transition within window 
146 could indicate a low temperature, a transition 
within time interval 147 could signal a medium or nor 
mal temperature, and a transition within window 148 
could mean a high temperature. While the transition 150 
has been emphasized in the general description of FIG. 
6A, it will become apparent that the time measuring 
scheme of the invention does not look for the transition. 
as such. Rather the system continually examines. at 
predetermined intervals such as one millisecond. the 
level of the voltage during interval 145, and accumu 
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lates a count related to the time that the signal is at V/3 
during time interval 145. This provides a substantial 
improvement in noise immunity and measurement accu 
racy, as will be explained below. With the simple system 
and response indications shown in FIG. 6A, those 
skilled in tne art will appreciate the many modi?cations 
that can be made in this flexible system. 
The interval 145 was “stretched” or elongated by S1 

remaining open to provide an adequate time duration 
for signifying the amplitude of a related analog voltage 
level. Of course, any of the other pulse lows 141, 142 or 
143 could have been elongated to send back informa 
tion, but if elongated, the data transmitted would have 
been different. In the illustrated embodiment, stretching 
or elongating the ?rst pulse 141 permits the transponder 
to transmit its calibration information in its entirety, 
based on a reference voltage. Stretching of the second 
low 142 permits the transponder to provide information 
identifying the transducer or other component associ 
ated with the transponder. Stretching either of the lows 
143 or 144 permits the transponder to return informa 
tion concerning an analog signal supplied to the trans 
ducer. In the example, only one pulse low was 
stretched, but more than one pulse low can be elongated 
in a single return. Alternatively, no pulse low will be 
stretched if no information is desired to be returned. 
Thus there can be 0, 1, 2, 3, or 4 pulse lows stretched in 
any single group of pulses, in the embodiment where 4 
pulses are used for one transponder address. 
Because the ?rst two pulse lows 141, 142 extend 

below line 430 but short of line 431, the controller is 
able to determine (by examining the voltage level on 
sense conductor 41) that the transponder switch S2 was 
closed. The switch closure establishes the voltage level 
V/3 on the sense conductor 41, and that level is within 
the amplitude range de?ned between lines 430 and 431. 
At the time the third pulse 143 would be transmitted 
from the transponder, with no associated transducer or 
a zero signal level at that transponder, its switcn S2 is 
not closed. At this time the voltage on the sense conduc 
tor is V/Z, determined by R1 and R2, and represented 
by low 143 in FIG. 6A. This response at level V/2 does 
provide information, namely there are no S2 closure 
s——in the addressed transponder or in any other tran 
sponder—at this time. 

If an ionization type smoke detector were connected 
to the responding transponder, the “stretched” pulse 
low in time interval 145 can convey information as 
follows. The entire time interval might have a duration 
of 32 milliseconds (ms), to denote a voltage amplitude 
range of O to 8 volts. Thus each millisecond of pulse 
duration represents 0.25 volt. In this embodiment the 
?rst or trouble window extends 12 ms, representing 3 
volts; normal window 147 is of 8 ms duration, denoting 
2 volts; and the third, or alarm, window lasts for 12 ms, 
indicating 3 volts. Thus with the transition 150 occuring 
as shown, the transponder is “telling” the controller 
that a voltage level of 4.0 volts has been connected to 
the appropriate input of the transponder from the asso 
ciated transducer, in this case an ionization-type smoke 
detector. The controller then operates upon this voltage 
level to determine how far this voltage (4.0 volts) is 
from a reference level for that speci?c transducer to 
determine the state, of that transducer. In addition this 
measured voltage level may be compared with a previ 
ously recorded voltage level from the same transducer. 
When the previous voltage level was recorded prior to 
a relatively long time period, say a week or more, the 
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comparison can provide an indication of gradual 
changes in the detector operation, which might be 
caused by component aging or dust accumulation. By 
noting the extent of the change in detector operation, 
the change can be compensated in the system and thus 
avoid an erroneous indication of alarm or other condi 
tion. In addition the extent of the change caused by dust 
or aging can be utilized to indicate that maintenance is 
needed (cleaning and/or other repair of the system), to 
avoid an unwanted alarm or trouble condition. By com 
pensating for the long term changes in the detector 
voltage, the controller is continually able to determine 
the true sensitivity, or “distance” from alarm, of each 
detector. This is an important advantage over the ear 
lier described system, and over prior art systems. 

In this embodiment only three windows or measuring 
intervals are used, to simplify the explanation. If the 
transition 150 had occurred in the window 146, this is in 
the time range of O to 12 ms and represents a voltage 
amplitude of O to 3 volts at the detector. A transition in 
this range signi?es there is some trouble condition, such 
as an open circuit at the connected transducer, or a 
circuit malfunction in the transducer. If the transition 
occurs in the third window 148, this signi?es a voltage 
in the range of 5 to 8 volts within the time duration of 
from 20 to 32 milliseconds. A transition occurring dur 
ing this time frame indicates the connected transducer is 
in the alarmed state, when this signal is processed at the 
controller. That is, the controller compares the returned 
signal to the previously stored alarm threshold refer 
ence level, and when it determines the return signal is 
above this level, the alarm condition is indicated by the 
controller. It is thus apparent that a timing arrangement 
is necessary in the controller to identify the particular 
duration of the signal being returned over sense conduc 
tor 41, and this will be explained in connection with 
FIG. 13. For the present it is suf?cient to note that the 
timing is measured in the controller, and thus neither 
the transponder nor its associated transducer can initiate 
an alarm. In this embodiment the controller determines 
and indicates when an alarm or trouble condition is 
present at a speci?c transponder. 
FIG. 6A indicates the response when a single tran 

sponder is closing its switch S2, but in FIG. 6B the 
response shown occurs when another transponder (that 
is, a transponder which has not been addressed) has its 
switch S2 failed in a shorted position. That is, S2 of the 
other transponder remains closed throughout the time 
period in which information is returned by the ad 
dressed transponder. The ability to “read through” this 
short is an important advantage of the present inven 
tion. In FIG. 6A the negative-going excursions of the 
?rst two pulses were between the lines 430 and 431. 
These lines are similarly referenced in FIG. 6B. Line 
430 represents a voltage level intermediate the V/2 and 
V/3 levels, and reference line 431 represents a voltage 
level intermediate the V/3 and V/4 levels. Line 432 
denotes a voltage level between the V/4 and V/5 ampli 
tudes. With S2 of one transponder closed, the resistor 
R3 of that transponder is in parallel with R2 of the 
controller, providing a voltage level of V/3 on sense 
conductor 41 as has already been explained. This is 
evident from the negative-going excursions of the ?rst, 
second and fourth pulses shown in FIG. 6A. However, 
with an additional transponder having its switch S2 
failed in the shorted position, an additional R3 is paral 
leled with the other resistors, and this produces a nega 
tive-going excursion of the ?rst, second and fourth 
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pulses to the V/4 level as shown in FIG. 68. It is appar— 
ent from inspection of the signal pattern in FIG. 6B that 
the information can still be received from the transpon 
der and utilized, notwithstanding the shorted output 
condition of the additional transponder. Examination of 
the signal being returned is readily effected by measur 
ing the time duration during which the pulse amplitude 
remains at V/4, from the beginning of interval 145 to 
the transition 150. The method of measuring this time 
duration will be explained in connection with FIG. 11. 
By measuring this time interval the controller is able to 
read “through” the short and still determine the infor 
mation being provided by the responding transducer. 
This ability to read through (and also write through) a 
transponder’s shorted output is not present in the prior 
systems and is an important advantage of the present 
invention. Sequential systems are usually dependent 
upon proper operation of previously addressed tran 
sponders or a subsequently addressed transponder to 
return accurate information. In some systems such im 
proper operation prevents the return of any information 
from subsequently addressed transponders. Digital sys 
tems are usually dependent upon proper operation of all 
transponders. If any one transponder has its output 
element shorted, no useful information can be received. 
If two or more transponders are sending information 
simultaneously, again no discernible information can be 
received. 
FIG. 6C illustrates a different type of response, 

where an additional transponder is not shorted but is 
nevertheless returning information concomitantly with 
the addressed transponder. Again the ?rst two pulses 
reach the V/4 level, in that S2 of both transponders are 
closed at the same time. However, neither S2 is closed 
during the third pulse interval, and hence the controller 
is able to determine there is not a short at the second 
transponder, but instead both are providing information 
simultaneously. During the stretched pulse interval 145, 
the initial portion 160 of the pulse is at the V/4 level. 
However, there is a ?rst transition 161, followed by a 
portion 162 at the V/3 level, and a second transition 163 
before the pulse returns to the V/2 level in the ?nal 
portion 164 of this pulse. If both transitions 161, 163 are 
within normal window 147, as shown, the controller 
“knows” there is no alarm condition. Should one re 
sponse fall in the alarm region, the controller “knows” 
that one detector is at the alarm level, but at this time 
cannot identify the precise detector returning the alarm 
level signal. Time interval 165 represents the lower 
analog voltage value of the two being returned, and 
time period 166 represents the higher of the two values. 
Had period 166 extended into alarm window 148, the 
controller would have determined that one of the two 
answering transponders was returning an alarm-level 
signal. 
FIG. 7 depicts the functional arrangement by which 

received signals issued by the controller are processed 
with any transponder. As there shown signals received 
over the line conductors 27, 28 enter the signal/ power 
separator 60, which effectively passes a d-c energizing 
potential difference for the transponder components 
over line 61 to the individual ones of those components, 
and over line 62 to associated components ,(such as a 
detector) when required. Those skilled in the art will 
appreciate that the line 61 may represent several con 
ductors, such as a ground conductor, a conductor with 
5 volts with respect to ground, another with 12 volts 
with respect to ground, and so forth. Signals received 
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from the line conductors are passed from the separator 
60 to common bus 63, which in turn passes the signals to 
an address detection circuit 64 and an output command 
controller 65. A plurality of address select switches 
represented by block 66 are individually coupled to 
address detection circuit 64. The switches are simple 
on-off switches, each of which can be set in the open or 
closed position to collectively determine the address of 
the speci?c transponder in which the circuit is located. 
With ?ve switches in the illustrated embodiment. up to 
32 addresses can be individually assigned by opening 
and closing different ones of the switches. Thus these 
switches represent circuit means for determining the 
unique address of the transponder in which the switches 
are located. A comparator or other arrangement within 
detection circuit 64 recognizes coincidence of the ad 
dress received over bus 63 from the line conductors 
with the unique address set by switches 66 and, upon 
recognizing this coincidence, provides an enable signal 
over line 67 to both the analog conditioning circuit 68 
and the output command controller 65. 
The analog conditioning circuit 68 includes means for 

recognizing when command information has been re 
ceived from the controller, and makes the appropriate 
circuit connections required by such command informa 
tion. Analog conditioning circuit 68 also receives a first 
analog signal over conductor 70, which in this embodi 
ment is zero volts, and a second analog signal over 
conductor 71. The received analog signal can be any 
type of information-connoting signal. By way of exam 
ple, a detector 72 is shown coupled over conductor 71 
to analog conditioning circuit 68. When the circuit is 
directed to return information to the controller con 
cerning the analog signal received over line 71. the 
analog conditioning circuit transmits the response infor 
mation signal, generated as a function of the analog 
signal received over conductor 71, over bus 63 and the 
signal/power separator 60 to the line conductors. and 
thence to the controller. In this way the sensitivity level 
of the particular detector can be monitored in every 
cycle of operation if that is desirable or necessary under 
given conditions. A reference or calibration voltage is 
provided over line 73 to the analog conditioning circuit 
68. This reference voltage can be derived from a Zener 
diode (not shown) or other suitable unit. The reference 
or calibration voltage is returned to the controller when 
requested, so that the controller circuitry can evaluate 
the operating condition of the transponder. For pur 
poses of this explanation, and the appended claims, line 
73 represents means for providing a reference voltage. 
A plurality of device identity switches 74 are also 

shown coupled to analog conditioning circuit 68. Like 
the other switches 66 identity switches 74 are simple 
open-closed or on-off switches, but can be any suitable 
means for completing a circuit to the most negative or 
most positive power rails. Such switches can be set to 
provide a numerical combination (from 1 through 8. in 
this embodiment) to identify the transducer type (such 
as detector 72) responding over the line conductors. By 
way of example, the setting of these switches can iden 
tify the type of connected transducer as an ionization 
type smoke detector, a photoelectric-type smoke detec 
tor, an instrument signifying air velocity, a temperature 
indicating unit, a mechanical switch such as those used 
with manual pull stations (toggle type), a momentary 
switch of the type used to dump Halon. or some other 
device. The analog conditioning circuit also passes the 
signal indicating a particular command has been recog 
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nized over bus 63 to output command controller 65, 
which is also enabled at this time over line 67. This 
controller can accomplish various functions. For exam 
ple, one signal can regulate an electromechanical actua 
tor 75, shown as a set-reset or on-off latching relay, to 
reset. A signal over line 76 can order this operation and 
the illustrated contacts 77 will be displaced from the 
position shown to the alternate position (reset). A signal 
from output command controller 65 passed over con~ 
ductor 78 can displace the contact set to the illustrated 
(set) condition. Another possibility is to pass an output 
command signal over line 80 to illuminate a signal lamp 
81, such as a light-emitting diode (LED). 
A basic schematic of a transponder suitable for opera 

tion with the present invention is shown in FIG. 8. A 
pair of screw-type terminals 83, 84 connect the line 
conductors 27, 28 to conductors 85, 86 of the transpon 
der. A surge protector 87 is coupled between conduc 
tors 85, 86 to protect the transponder components from 
transients on the line. A diode 88 is coupled between 
signal line 85 and power line 90 of the transponder. A 
capacitor 91 has one side coupled to conductor 86 and 
its other plate coupled to the common connection be 
tween power conductor 90 and the cathode of diode 88. 
When a long positive-going pulse is received at the 
transponder, current ?ows through diode 88 to charge 
capacitor 91. The charge on capacitor 91 maintains the 
voltage on power conductor 90 during normal opera 
tion, when the lines are low, that is, when the voltage 
across conductors 27, 28 is at V/2 or lower. This volt 
age on conductor 90 is applied to the collector of an 
NPN type transistor 92, which is connected as a series 
regulator to provide a regulated output voltage on con~ 
ductor 93. A resistor 94 is connected between the col 
lector and the base of transistor 92, and the base is also 
coupled through a Zener diode 95 to conductor 86. A 
resistor 96 is coupled between conductor 90 and, over 
line 99, to input connection 10 of integrated circuit 1 
(ICl). 
When the voltage level on line conductors 27, 28 

changes, there is a corresponding change in the ampli 
tude of the signals passed to pin 17 of IC1. A low-pass 
?lter, comprised of resistor 97 and capacitor 98, effec 
tively blocks out high-frequency noise pulses. In order 
for 1C1 to receive a low-going pulse at pin 17, the signal 
level on conductor 27 must go low (to V/2) for at least 
one-half millisecond before the low-going pulse is rec 
ognized as a clock signal to 1C1. The voltage level on 
conductor 110 is compared against the voltage level on 
conductor 99, which is derived from the line voltage 
(across conductors 27, 28) is used as a reference signal 
to determine whether the clock signal is high or low. 
Utilization of this reference signal compensates for 
large variations in the line voltage. In the embodiment 
disclosed, the system was found to function accurately 
despite line voltage variations from 15 to 30 volts, a 2:1 
voltage change. 
Other input signals are provided to ICl from the 
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arrays of on-off switches 66 and 74 shown to the left of 60 
1C1. The ?rst array includes switches 1-5 which are the 
address select switches 66. These are set (by selective 
opening and closing before the equipment is energized) 
to determine the unique address of each transponder. 
The second array includes switches 6-8, which are the 
device identity switches 74. These are set according to 
the particular components (not shown) which are cou 
pled individually to the conductors 70 and 71 (FIG. 7) 
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to provide the A and B analog input signals to the inte 
grated circuit. 
When an output command is issued by the transpon 

der circuitry, the appropriate signal is passed over one 
of the conductors 76, 78 or 80 in FIG. 8. An output 
signal passed over line 80 energizes LED 81, coupled to 
conductor 86. An output signal on line 78 is effective to 
energize the “set” winding 101 of latching relay 75 and 
to close the normally-open contact set 102 of this relay. 
An output signal over conductor 76 energizes the reset 
winding 103 of the relay to close the normally-closed 
contact set 104 of the relay. When the transponder 
output circuitry provides a signal at pin connection 8, 
over line 79 to gate on NPN type transistor 100, resistor 
89 which in this embodiment is a 4.7K resistor, is effec 
tively connected between conductors 85, 86, to pull 
down the amplitude of the voltage then being presented 
to the controller. Thus the operation of transistor 100 in 
response to the transistor control signals on line 79 is 
analogous to the opening and closing of switch S2 as 
shown in FIG. 3 and explained earlier in connection 
with the transponder operation. It is apparent that resis 
tor 89 (FIG. 8) thus corresponds to the resistor desig 
nated R3 in the earlier discussions of the general system 
operation. 

It is important to emphasize that an output command 
signal on line 79 to gate on transistor 100 is only pro 
vided during a low portion of any signal pulse. How 
ever the other actuating signals, to set or reset relay 75 
or illuminate LED 81, are provided only during the 
high portion of a pulse; this is important because the 
transponder utilizes energy provided from the control 
ler on lines 27, 28 to actuate these components, without 
imposing any drain on the energy stored in capacitor 91 
which energizes the components illustrated in FIG. 8. 
Other components such as variable resistor 105, ?xed 
resistor 106, and the capacitors 107, 108 are useful in 
connection with the circuitry of 101. 
A general block layout of the integrated circuit is 

shown in FIG. 9, and a functional description of the 
circuitry follows. The signal pulses in each group re 
ceived at the transponder are passed over line 110 to 
input pin 17 of 1C1, and thence to clock pulse generator 
stage 111. This stage includes conventional pulse shap 
ing circuitry, such as a comparator which compares the 
signal voltage level on line 110 against the reference 
voltage level on line 99. The clock pulse generator 
provides its output to a 2-bit counter 112 and a clock 
identi?cation circuit 113. The clock identi?cation cir 
cuit also receives a reference oscillator signal from resis 
tor 106, capacitor 108, and conductor 93, also shown in 
FIG. 8. A 5-bit counter 114 (FIG. 9) is connected to 
receive over?ow pulses over line 115 from the 2-bit 
counter 112. When the incoming pulse remains high 
beyond a preset time (20 ms in the described embodi 
ment), a “stretched clock” identi?cation pulse is passed 
over line 117 to a 2-to-4 line decoder circuit 118. When 
the incoming pulse remains high for a duration of 80 ms 
(in this embodiment), stage 113 provides a reset pulse 
over line 116 to both counters 112 and 114. 
The 2-bit counter 112 provides a “clock decode” 

output signal on its output conductors 120, 121. Basi 
cally this signal identi?es which of the several possible 
commands is to be executed by the transponder. This 
signal on lines 120, 121 is passed to 2-to-4 line decoder 
118, the 4-channel analog multiplexer 122, and a switch 
logic circuit 123. The switch logic circuit is operative to 
provide external switch operation “memory” for two 
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polling cycles of this transponder, should the external 
switch be operated for a duration less than two polling 
cycles. In this embodiment a polling cycle—the time 
interval between two successive enable pulses being 
provided at the output of stage 131—is three seconds. 
Thus the memory duration for switch logic circuit 123 
is from 3 to 6 seconds, depending on the exact time in 
the polling cycle the external switch is operated. Such 
an external switch can be a momentary, mechanical 
switch providing a signal over line 70 and pin connec 
tion 6 to the switch logic circuit. It is emphasized that 
notwithstanding the presence of this switch and its actu 
ation, the switch logic circuit does not store the actua 
tion indication for subsequent transmission to the 4 
channel analog multiplexer 122, unless the appropriate 
switch identi?cation information is received over the 
three lines connected to pin connections 18, 19 and 20. 
These pin connections are connected to the device iden 
tity (ID) switches 74, as already explained. If the device 
ID switches 74 are in the appropriate combination to 
enable switch logic circuit 123, then this stage 123 is 
conditioned to pass the information regarding the 
switch actuation (at line 70) to the 4-channel analog 
multiplexer 122. 

In the system of this invention, certain combinations 
of the device ID switches coupled to pin connections 
18, 19 and 20 are effective to turn the switch logic stage 
123 on, that is, to open the circuit between conductors 
119 and 129 to the 4 channel analog multiplexer 122. In 
the preferred embodiment 2 of the 8 possible switch 
combinations were used to provide this operation. 
Under this condition, the switch logic circuit 123 re 
ceives the signal over line 70, pin 6, and line 119, and 
operates upon this signal to provide a speci?c state 
voltage which is passed over line 129 to multiplexer 
122. In the other 6 combinations of the switches cou 
pled to pins 18, 19 and 20, switch logic stage 123 effects 
a straight-through coupling between lines 119 and 129. 

Operation of the switch logic circuit will be better 
understood with reference to FIG. 6A. When the de 
vice ID signal denotes a two-position switch coupled to 
line 70, the information received over line 119 from the 
switch must be “translated” or converted to identify 
one of the 3 possible states, either not connected, open 
or closed. Alternatively, a temperature sensor device 
coupled to line 70 would produce an analog output 
signal, and the device ID signal would dictate a straight 
pass-through of this information, without conversion in 
switch logic stage 123. 
A generator circuit 124 is provided to develop the 

device identi?cation (ID) signal and calibration (refer 
ence) signal. The ID signals are applied over a plurality 
of conductors represented by bus 125 to an 8-channel 
analog multiplexer 126. The switch ID output signal 
from multiplexer 126 is passed over line 127 to the 4 
channel analog multiplexer 122, which also receives the 
calibration voltage signal over line 73 from generator 
124. Multiplexer 122 also receives the analog A signal 
over conductor 71, and the analog B signal received 
over line 70, via lines 119 and 129, when the circuit is 
completed by switch logic stage 123. The output of 
multiplexer 122 is passed over line 128 to a voltage-con 
trolled one-shot stage 130, which has connections as 
shown to the variable resistor 105 and capacitor 107 in 
the lower right portion of FIG. 8. 
A digital comparator circuit 131 (FIG. 9) is con 

nected to receive the outputs from 5-bit counter 114, 
and the inputs from the address select switches 66. 
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Upon recognition of coincidence between the unique 
transponder address determined by these switches and 
the address represented by the pulses transferred from 
counter 114, digital comparator 131 passes an enable 
signal over line 132 to the voltage-controlled one-shot 
130, and the enable signal is also passed over line 133 to 
the 2-to-4 line decoder 118. The output of the clock 
pulse generator on line 139, when high, resets voltage 
controlled one-shot 130. When this clock output signal 
is low, this provides a second enable signal to stage 130. 
The voltage-controlled one-shot stage 130, upon receipt 
of both enable signals, functions to provide an "ener 
gize” output signal on line 134 which is ampli?ed in the 
appropriate one of the output drivers 135, and passed 
over the output pin connection 8 of IC1. Pin 8 is se 
lected whenever the transponder is sending information 
back to the controller. This is analogous to gating of 
transistor 100 in FIG. 8, or closure of switch S2 as 
explained above in connection with FIG. 3. 
To select any of the other output pin connections 136 

(1, 2, 3 or 4), the 2/4 line decoder 118 must provide an 
appropriate output signal on one of its four output lines 
137. This requires three signals to decoder 118: ( l) clock 
decode output on lines 120, 121 which selects the output 
driver to be energized; (2) enable signal on line 133, 
corresponding to a “transponder select” signal; and (3) 
another enable signal (“stretched clock”) on line 117. 
which signi?es the command has indeed been issued. 
Selection of pin 1 may be used to energize an associated 
alarm apparatus, but pin 1 is not used at this time. Selec 
tion of pin 2 indicates that LED 81 is to be energized. 
Selection of pin 3 is equivalent to providing a signal on 
conductor 78 (FIG. 7) to set the latching relay, and 
selection of pin 4 is equivalent to providing a signal on 
conductor 76 to reset the latching relay. 
The foregoing functional description is suf?cient not 

only to enable one skilled in the art to provide an appro 
priate speci?c circuit design for IC1 in FIG. 8, but by 
explaining the entire functional sequence, it further 
enables one skilled in the art to implement the circuit 
operations with various circuits, or to regulate different 
output functions as may be desired. Now that the opera 
tion and circuit arrangement of the transponder has 
been set forth, it will be helpful to consider the manner 
in which controller 26 operates upon the information 
returned from the transponder to derive and utilize 
useful signals and provide appropriate indications. 
FIG. 10 shows in idealized form a return pulse. that 

is, a “stretched" pulse low similar to that designated 144 
in FIG. 6A. The pulse low in FIG. 10 is designated 180. 
and like the other pulses occurs during a time interval of 
32 milliseconds (in this embodiment) from the leading 
edge 181 of the pulse to the trailing edge 182 of the 
pulse low. The stretched low 180 includes an initial low 
portion 183, a positive-going portion 184. where the 
signal goes from the V/3 to the V/2 level, and a ?nal 
portion 185. Reference line 186 indicates the alarm 
threshold, and the lines 187, 188 depict the range of 
adjustable sensitivity. 
As a practical matter, the actual sensitivity is repre 

sented by the difference between line 184 of the pulse 
signal and the alarm threshold line 186. In a preferred 
embodiment an 8 volt measurement range was depicted 
over 32 milliseconds, with the initial portion 183 of the 
pulse low representing the analog input value from the 
transponder to the controller. However, as a practical 
matter the returned information is not represented with 
an ideal waveform of the type depicted in FIG. 10. 




















